Rapid detection, reporting, and response to an infectious disease outbreak are critical to prevent localized health events from emerging as pandemic threats. Metrics to evaluate the timeliness of these critical activities, however, are lacking. Easily understood and comparable measures for tracking progress and encouraging investment in rapid detection, reporting, and response are sorely needed. We propose that the timeliness of outbreak detection, reporting, laboratory confirmation, response, and public communication should be considered as measures for improving global health security at the national level, allowing countries to track progress over time and inform investments in disease surveillance.
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apidly detecting, reporting, and responding to infectious disease emergence is required to contain small outbreaks before they have the opportunity to spread into a regional epidemic or become a global pandemic threat. Rapid detection depends on effective disease surveillance systems leveraging data from multiple sources. Timeliness is a key criterion for evaluating any disease surveillance system. How fast a system can detect a threat is critical for ensuring optimal performance.
Continuously evaluating timeliness can help monitor improvements in the system over time. Of course, in determining whether a surveillance system is ''timely,'' multiple factors must be considered, including disease transmissibility, incubation period, duration of infectiousness, severity of outcomes, and the objectives of the surveillance system in question. Despite this complexity, we believe a set of standardized metrics is plausible, if not essential, for monitoring progress toward improved disease surveillance. Few studies have evaluated infectious disease surveillance systems through the lens of the time required to identify and report an outbreak or unusual disease occurrence. Among the studies that do exist, standardization is lacking. [1] [2] [3] [4] [5] The Ebola epidemic in West Africa in 2014 and the rapid emergence of Zika virus in South America in 2015 have brought increased attention to the risk that growing epidemics pose to global health security. 6 Metrics to evaluate global health security, however, remain elusive. Easily understood and comparable measures for tracking progress and encouraging investment in rapid detection, reporting, and response are sorely needed. We propose that the timeliness of outbreak detection, reporting, laboratory confirmation, response, and appropriate public communication should be considered as one set of measures for global health security.
IHR and GHSA
To ensure national and global health security, finding, reporting, and controlling every outbreak faster, no matter where it happens around the globe, is paramount. The world has recognized this for some time. In 2005, the World Health Organization (WHO) revised the International Health Regulations (IHR) to create a better framework for disease reporting. 7 These revisions broadened the scope of the IHR beyond reporting a handful of select diseases, instead focusing on identifying any public health emergency of international concern (PHEIC). A significant change in the new IHR permitted the WHO to act on ''unofficial'' information, such as outbreak reports obtained through digital disease detection systems like ProMEDmail and the Global Public Health Intelligence Network (GPHIN). The 2005 IHR charged every country to develop the capacity to detect outbreaks within its borders and to report them in a timely manner. It has often been noted that a progress report to WHO in 2012 revealed that approximately 80% of the 194 states parties had failed to meet their obligations under the IHR or simply did not report on their progress. 8 Since that time, progress toward IHR compliance has continued, but many countries remain well short of their obligations. 9 In a complementary effort to the IHR, the Global Health Security Agenda (GHSA) was established in February 2014. The GHSA was created to ''accelerate progress toward a world safe and secure from infectious disease threats and to promote global health security as an international security priority.'' 10 By 2016 more than 50 countries and international partners, including the WHO, the World Organization for Animal Health (OIE), and the Food and Agriculture Organization of the United Nations (FAO) had signed on to the GHSA. A main focus of the GHSA is to support countries working toward IHR compliance.
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The IHR and the GHSA both provide useful frameworks and engage the international community in jointly addressing emerging infectious disease threats. Clear performance measures, however, are still needed to track progress under either framework. The IHR Core Capacities, particularly Core Capacity 3: Surveillance, emphasize the importance of early detection. The recommended IHR checklist for monitoring progress does so only through measuring capability levels on a 4-point scale of <1 to 3.
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To improve on existing metrics, WHO convened a technical consultation in October 2015 on monitoring and evaluating IHR implementation and compliance that laid the groundwork for a new post-2016 IHR monitoring and evaluation framework. 13 The Joint External Evaluation ( JEE) framework that has been established in coordination with the GHSA provides a useful peer-to-peer evaluation approach, but it remains to be seen how shortfalls identified by the JEE process will be monitored for improvement beyond the assessment period. 14 Areas at highest risk for emerging diseases may benefit most from tracking timeliness measures, but all countries working toward (and maintaining) IHR compliance will benefit from the insight that these measures can bring. Global health security carries with it a mandate to find every outbreak of pandemic potential, and we must ensure that all communities have the capacity to rapidly report all communicable disease events and clusters of unusual illness. The faster we can detect any suspected outbreak and implement rapid response, the more likely it is that we will avoid a repeat of the Ebola outbreak in West Africa that killed more than 11,000 victims and persisted long enough to devastate the already weak healthcare systems in affected countries.
We need clear goals and incentives to increase our global capacity for finding and reporting outbreaks faster to save lives, protect livelihoods, and ensure the risk of a pandemic is removed from our collective pool of worry. We should make finding and reporting every outbreak faster the central goal of pandemic preparedness. We cannot rely on pandemic preparedness plans, which often sit on the shelf in very large binders, to be implemented seamlessly during an emergency. Rather, pandemic preparedness should be seen as the active process of measuring and assessing progress in these timeliness measures that may ensure more effective improvements in surveillance. We can build disease surveillance systems that help every country meet the IHR while also addressing local needs based on risk and burden of disease by enhancing the capacity to detect aberrant signals as an early warning of any emerging threat.
Methods for Quantifying Timeliness Measures
We propose that the timeliness of outbreak detection, reporting, laboratory confirmation, response, and appropriate public communication could be adopted as key measures for monitoring pandemic preparedness and global health security. These metrics can be useful to ministries of health, along with other local, regional, and global partners in disease prevention and control. If these data were tracked for every outbreak, the results could be used to improve performance at the village, district, and provincial levels in every country. Nations could use these metrics to measure progress toward meeting the IHR or achieving the intent of the GHSA. Regional disease surveillance networks, such as those operating under the Connecting Organizations for Regional Disease Surveillance (CORDS) umbrella, could monitor progress as a cohesive unit, helping each other to constantly seek improvement and to identify best practices. 15 The timeliness measures, illustrated in Table 1 , involve quantifying the time interval between disease onset in the index case of a given outbreak and (a) the date that the FINDING OUTBREAKS FASTER outbreak was detected,* (b) the date the outbreak was reported to health authorities, (c) the date of laboratory confirmation of the causative pathogen from an epidemiologically linked case, and (d) the date of implementation of initial control measures. The date of communication about the outbreak to relevant national or international authorities may also be considered for evaluation. Working with our partner organizations across the globe, the Skoll Global Threats Fund (SGTF) is enabling active tracking of timeliness metrics at a national level, adapted from an existing methodology. 16, 17 In 2010 Chan et al examined the timelines for 281 WHO-verified outbreaks reported in Disease Outbreak News from 1996 to 2009. 16 The study found that the median time from ''outbreak start'' to ''outbreak discovery'' dropped from 40 days to 19 days during that time. The study also examined other outbreak ''milestones,'' including laboratory confirmation and public communication about the outbreak. 16 A subsequent 5-year update to the original study found that little progress has been made since 2010. 17 Establishing a baseline for timeliness of outbreak detection on a global scale provides a broad view of the timeliness of outbreak surveillance capabilities around the world. The small number of observations in the Disease Outbreak News dataset, however, limits our ability to examine trends by country or disease. As the basic reproductive number (r 0 ), incubation period, mode of transmission, treatment, and vaccination options for different pathogens vary considerably, 19 days until an outbreak is detected may allow for significant spread in one instance or may result in relatively few secondary cases in another, depending on the disease, locale, and other factors. It is therefore critical to obtain more granular data on the national and subnational levels, stratified by disease type, to better understand how each country's surveillance systems are performing against the demands to find, report, and respond to outbreaks faster.
In 2014 representatives from HealthMap of Boston Children's Hospital, the International Society for Infectious Diseases' Program for Monitoring Emerging Diseases (ProMED-mail), the Task Force for Global Health's Training Programs in Epidemiology and Public Health Interventions (TEPHINET), and SGTF convened to adapt the methods used in Chan et al for use at the national level. Through TEPHINET-the umbrella organization for 55 field epidemiology training programs (FETPs) around the world, the majority of which receive CDC support-field epidemiology training programs were encouraged to submit applications for grant funding to support the implementation of these methods in their own country. 18 At the time of this writing, SGTF has worked with TEPHINET to provide support to field epidemiology training programs and their associated ministries of health in 17 countries as they examine their detection, reporting, verification, response, and communication timeliness for infectious disease outbreaks. Through 3 rounds of funding, awardees from Barbados, Belize, Costa Rica, Dominican Republic, Guatemala, Haiti, Honduras, India, Indonesia, Kenya, Pakistan, Panama, Paraguay, Senegal, Taiwan, Tanzania, and Zimbabwe have been selected to carry out evaluative studies (Figure 1 ). In addition, SGTF is working with the Mekong Basin Disease Surveillance network (MBDS) and Mahidol University in Bangkok, Thailand, to conduct a similar study on a regional level that engages Cambodia, Laos, Myanmar, and Vietnam. Plans to replicate this work in southeast Europe through partnership with the Southeast European Center for 
Date of outbreak detection
Date that the outbreak threshold a case presents to a hospital, clinic, laboratory, community health worker, or public health agency.
Date of outbreak reporting
Date that the outbreak threshold case is reported to public health authorities at local, regional, national, or international level. Surveillance and Control of Infectious Diseases (SECID) are also in place. As results from these pilot studies are made available throughout 2017, we hope to engage key stakeholders in the global health security community in the process of refining these measures and helping to implement them in additional countries. In addition to examining data from their own national surveillance systems, the pilot countries are reviewing the timelines of outbreak reports from informal, event-based surveillance systems, including, but not limited to, HealthMap, ProMED-mail, and GPHIN. By examining data from these informal systems, public health authorities can also use this methodology to assess how emerging digital disease detection systems may complement traditional surveillance, especially in regions with limited surveillance infrastructure and resources.
Challenges and Limitations
Even with clear and precise definitions for each of these outbreak metrics, obtaining the relevant data points remains challenging. Determining the date of onset in an index case can require significant investigative work and, for many outbreaks, may never be known. How the overall timeline for an outbreak should be measured is subject to questions such as whether measurement starts during symptom onset in the index case, or perhaps when the nth case in an outbreak is presented and reaches the minimum number of cases to meet an outbreak definition-a definition that may vary by country and by disease.
Additionally, countries working to establish baseline data for these measures may not have all relevant data points captured in historical records, or the process of data extraction may require significant effort. For example, we have found through our pilot studies in Southeast Asia that the time of outbreak detection (as defined in this article) is often unavailable, but the time of reporting, arguably the more relevant data point, is typically obtainable. Finally, while evidence reveals that faster detection and response to infectious disease outbreaks help to reduce the overall number of cases, it remains to be seen whether process improvements that may be reflected in these metrics would translate to improving health outcomes in a population. 19, 20 Despite these challenges, we are confident that nations undertaking efforts to establish a baseline for outbreak timeliness metrics through retrospective evaluation will be able to learn whether changes to reporting policies, use of novel disease reporting systems, and/or increased investments in disease surveillance improve the speed of detection, reporting, and response. Ultimately, we hope to demonstrate that more timely performance results in reduced morbidity and mortality. We hope that timeliness metrics can identify programmatic or geographic gaps to inform resource allocation and strategic planning. Governments, NGOs, and philanthropies, working in partnership, will be able to better understand which investments have the biggest impact in the area of outbreak surveillance and can share this knowledge to ensure efficient use of limited resources.
Measuring the time to detect, report, verify, respond, and communicate can help track progress toward finding and reporting outbreaks faster and move each country toward improved national and global health security. We need standardized metrics for monitoring progress, and we hope our investments in timeliness metrics for national and global health security will help refine our methods and allow for a rigorous approach that all nations can eventually adopt. We will continue to work with individual nations and regional networks to refine our approach and look forward to sharing our collective knowledge with the global health community.
